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In the example shown in Figure 7, PD 35A for a wavelength 650 nm 
and PD 35B for a wavelength 780 nm are formed separately on the same 
silicon substrate 35'. However, the same effect can be obtained by forming 

20 PD 35A and PD 35B on separate chips, respectively. A specific value of this 
configuration is: the distance between the center 31Aof a 650 nm beam and 
the center of the PD 35Afor a wavelength 650 nm is about 1.1 mm; and the 
distance between the center 31A of a 650nm beam and the center of the PD 
35B for a wavelength 780 nm is about 1.3 mm; a minimum pitch of diffraction 

25 grating of the hologram element 33 is about 3 m m; and the distance between 
LD 31' and a hologram element 33 is about 5 mm. 
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(54) SEMICONDUCTOR LASER ARRAY AND ITS 
PRODUCTION. OPTICAL INTEGRATED UNIT, 
OPTICAL PICKUP AS WELL AS OPTICAL DISK 
DRIVE ASSEMBLY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To integrate refractive index 
guide t/pe semiconductor lasers varying in oscillation 
wavelengths and to form a semiconductor laser array by 
disposing a first laser element part which exists on a 
substrate and releases a laser beam of a first 
wavelength and a second laser element part which exists 
in parallel therewith and releases a different wavelength. 

SOLUTION: The active layer 214 of the laser element part 
240 of a wavelength 780 nm is formed of a MQW 
structure consisting of GaO.9A10.1As well layers and 
GaO.65AI0.35As barrier layers and the active layer 224 
of the laser element part 241 of a wavelength 650 nm is 
formed of an MQW structure consisting of ln0.5Ga0.5P 
well layers and !n0.5(Ga0.5A10.5)0.5P barrier layers. 
Refractive index steps are formed in a transverse 
direction by the combination of third clad layers 218, 
228 processed to a projecting stripe shape and a GaAs 
current blocking layer 231, by which the laser element 
parts 240, 241 are formed as a refractive index guide 



laser. The laser element parts 240, 241 are respectively 
applied to CD disks and DVD disks and are used as LDs 
of optically integrated units. 
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mmm i u— tf gE«. r n g a a i p s i i7 ^ 

HiJIBJSi4S<^±fClS:tt5)iT.fcI nOaA 1 Pm2d7 

9912^2©^— tfJg^gEtt, I nOaA I PMli^^y 

S5?aete^O±tCigttf,nfcI nCaA 1 P^2i7 

miEm 1 O I^— tf ^^gPOfltJIES 2 7 y KS«»J? 
<h, pria^2©U— tf|g^S15«t^t2S2i7 7-y 

A 1 G a A s 

WtBS 2 « 9-*^^gi5(7)HfIiaettMtt. I n G a P® 

;?i:Wt2m2«U'-+f^^gl5aDtl}f5U <;/ ->*t*iX h 7-1* ^ 

(W*«4] GaAsSSt. rnliaSfiifC^tt ^.tl^ 
G a A s ««W£ffi«-g|5ICBirl5S 1 OU'— !f^^gB4 

efrsa g a a s m&(D±m(om<o—mzm?im 2 w u— y-' 



figsm 10 1^— y-'si^ gK<i:gfitaii 2 (73 1^— tf ^^sEicm 

■ i.. ■ , ■ ■ -V; • ■ ' ■ , ■ ■'. . : 

r -sxstt. tiiias 2 0 1'— y-'^TS5©ti}ia^^y;i/'\5=- 
^ 1 roSES<7D^'-ifJt^:ll§¥fTfJ::3^[fi]lc^scm•r-5^2 

nrHofcM 1 (DMO^iim^iW, 2 if>t® 

H^iem 1 «&Si«a;^j:-2)m 2 coSficow— tf Jt^MIS 
M 1 <oKS« u— tf5ttB§¥?T;^£:^rS](ci5ctti-r-5m 2 

tilled 1 wtegrou— ifjtW'p-^Tf^i-gBtctjtiTSJf^ 

^aTM-p/tm 2 (73M O^tSrmlfaS 1 (OlHliJf^lSttiSTS: 

sm 2 ©iHiST^s-piHiSf ^-a-sjt^^gt, 
— tfig^eut. 
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tlTHtj/c^ 1 roM 0 JtSr^ 1 W|£l&f;^lSTlHlW$-a-, . 

MiB^t^^gicfc -DTmm-^ntzWi^m 2 com o 
to-rsm2(D^tb#®t, 

im^m 1 0 ] ttiiaii 1 co^tb^ettdiem 2 

~ 1 0 <D\,^-rnA^ 1 ^fcK«W3t*ttn.- h, 
CiS*^i2] t^tl^lllco^—^f^^^gBi:HfIfHm2ro^ 

YSr«^bT;^c-5c:i<£!t#iifr-5ifjRJS6~i oroti 

c»jS« 1 3 ] waa i^— tf 7 m^m i -m^m 

3 O !,»-rn*M-|BfJ<D¥^f*: U— »f 7 U'f S C t ^ 
<^mi:-rsit^« 1 2IBmojt*aa.-.;/ H. 

Clt:lt^ 1 6 ] MIB^ 1 <55jR^«. 7 8 Onm*tf.C^i: 

fiiliam2 6 3 5nm, 6 5 0nm&tX6 8 5 

n mO^^rtlA'^^'p.L-'fr^ Z <t i&^m tf-SW*^ 6 

~ 1 5 (ot,»-rn;5^ 1 •D\z^m(D^mm=i-y h. 

hi. 



nXM ^ fcm 2 COM 0 mrlBm 1 CO [sISf AS <t itmti 
*{i;tfcc: i:*#mi:-rs Jtt; •;/ ^ 7 y 7', 

1 8] sf^«6 ~ 1 6 co^i-rn*^ 1 -Dizmmo 
ytmm:^- y v \zm < t . 

Sit t^^gifrs Jtb! «y i7 7 2/ 
(W*)ll 9] HsR^l 7Sfcttl 8(C|5®co)ttf-yi7 

(0 0 0 1] 

m}\z%'f^7.ifmMimm.\zm-t^. i.Xi^wmz\t. 

D - R i:©Smtt€:«l«L/iD V D 'y7.=rK\zm t^Tff 

M/i; /jNSTii5ttteco^«ia^:^-y h, '}t\±vifTvy 
w.mz%^^7.^mMiW<zw^^, 

CO 0 0 2] 

DVD (Digital Versatile Disc) ^-J^-rAtt. 
iktSf^f^A— tf-, ROM, RAM;S:<i:(OiSf£«->X7^ 
AtbT. -e-cOUfflfk^JtSSlCitiiJ^nTti-S. 
^■r'<'X;7i:tT«. tie**^e)CD (compact disc) -> 
X'f'ASSt^tiCD — R (compact disc-recordable) 
->X7^A*Sj[2:<#SL.T*3f3. DVDvXT-Att, CD 
->X7^A<i:C0SMttS:Wrsc:<i:Atil$LVi. •r^S:*^ 
•fe. DVD->Xt:A«. CD^CD-RcOT^^'Xi'lCj* 

Co 0 0 3] CtXSCOJtx-fXi^ • v'XxAfCfcV^T 

$ffo;fes6(C, »f (laser diode: LD) € 

ffl V i tf «y d7 7 -y y jS^ffl i e, n 4 , 

CO 0 0 4] 02 6tt, fiej|5(0DVD->X5^AC0^tf<y 
i' 7 -y t UTtiSg $ nx t <0 CO ASJM;*^^*^ 
-rSlBJEl-CSS. r?'^:*?-^. |5llll<7)3tfc;->i^7-y7'«. 
CDcOT''r7.5'fC^LTS^tt&*-r?>feC0T*0. D 
VDffl<03t^lSa-.y M 0 1 i:, CDJ^ZJCCD-Rffl 
«y h 1 0 2 tSWf -5. 

CO 0 0 5} DVDffl5t^iair.-y h 1 0 
tl-5ififcS6 5 0 nmcoi^— y-*?t«^^-f d7D-r yi7 • T'U 
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XA 1 0 3S:jliML. *)tU>Xl0 4, ^^±if5.y 
— 105. &:gjM*?ttfi^O 1 0 6. n^\y>XlQ 7 ^ 
^SbT)tx-<7.d7 1 0 QlCjg-r^. — CDffl<D)t 
*fB:x-.y h 1 0 2d^c,tb#t$n^&S7 8 0 nm(DV 
-■ y-'^«, T'UXAl 0 3trJ:DSM$tlfcm, DVD 
ffl<736 5 9 nmU— If^ttaSI^C^tSSSfcfO, CD 
^fcttCD - Rx^'Xi' 10 8 
[0 0 0 6] ^^^^^^^^^.(DHDJt^, SDj^tti 

iS5w?t8S*/tt'^T, -e-n-enDVDffiSfcttcDfflo 

>t*gi3.-.y M 0 1. 10 2{CS<. dC-C, 
CDffl5=^WXi7 1 0 8iDVD-ROMffl5^-f 1 0 

(numerical aperture) ?£:^ATt»-5. 

[0 0 0 7] z.(D^oUyt\:i^yi7 7y:f\z^tyf\ 

^U^<D%%^U.-^yh\Z-D\f^Xm.mT^> EI2 7«, 
Jt^atrL- h 1 0 1 , 1 0 2 1 3 

8 i:-?-w±(cstt6nfet-h£^>^ 14 1 t**-r 

:^5rA13 8{C«, «Ff:£©}g^i£fTPfcJe5WU — K 

1 0 9*<Ma:iBgsnTi/iS. ^fc. t— Hv>^i4 

-?-«±{C, LD5^-y7'l 3 5 t^ttJfflPD (photodiod 
e) 1 3 6*?iSlt?)nTti5. ^fc. LD5^>>7'1 3 5 
COifSffliltCti. ^rn^^fflPD 1 3 7*t@HSSn, LDO 
3^ai:^» 7 ^' - hVN* «:/ ^7 $!l^sp-e^ S J: p IC ^ tlTti -5 . 

[0 0 0 8] c:n6w±:^tca, ei^ltsi^:}^ 

[0 0 0 9] LD5^u/yi 3 5di^,3icEnTig^Lfc:;^rSl 

D136ICAW-rs. PDti, T'^'J^^^iTW^tO^:!- 
-* X*3 J: h 5 4^ > i/x 7 - *^HiT-5 fcje) tc < 

^«6«Jfj:-y— 5j^^aS/M.T^^,^?^|6]'sM-r J: a tc 7 
[0 0 10] 

[0 0 1 1] ^r. 02 6 ICS^L.fcJ:-3 75:Se5|5W3ttfy 
i7 7-yy«, 2|®<0S^c5^t«Sa.x-v h 1 0 1, 10 



2*^b©>tS:-*(OJt|fttC'&fi£t-5ii:>il;5<fe^>, '^Itl 
«. fcr-yi'T<yycD3tttIC?^-r5LDffiW3t<O^S<^r 

\Z, y^i^a-f yir • z/UXL,! 0 3rji i:(D3t^gPS*t 
^^Si^tl. S.o;^S^kt, mitlS^)*! 

. Jgfcfj: 5 1 1 fe ii5« (cnc ?) <»: t» ^ Fn^^AtS o 

tz," .. : ' '■■ : 

[001 2 ] S^, tSJtecO^ t; -v d77 -y 2 
^c53t«?S:ix-> M 0 1 . 10 2 ^^t^tzisb\Z, 

*^?>cOlpIt;fJt) (DifcBUft <X. Y, 9) tCfeSILt^M 
*7!it$.-5. ^iz. DVDT«LD-PDFbTC± 5 Mm. 
±0. 5' O^GHf^lCJ&SCtA^aSH'i. LDiUm^ 

h(^WPD<kLDi:04§*tffiMA^±IB®l¥^^HT?S: 
i)^2^m-^nx^^^tztb\Z2m<r)LDRZf2m<OPDm 

-5. 

[0 0 13] Sfc. 7t*?S:rx-y h*t2^i-fiJ$tlTV>^. 

# -5 y — h /I V n >'\<^) D V D '>Xy^AmM 
iZ$>rz-oX\t. /JN^ • l5fi{t*^!£:^S(7)^#T$.-5. LAi 
b. m2 6iZ^Ltz^^t£itm(Dm&X'it. dcD^k^TS 

[0 0 14] ^^BM\t, f)^A'^^.^\zm^Xfj:^tlfzh<D 

u— y-'z u-f &r/^<^Sjg:&ssg«-r s izt% 
iz, z.<nj:z>f£^mt^]y-if=&m ^^x^mx^ -s ^mx 
m\±m<n^mm:L-yh. ^\iv^7'j-fm.xs\zitT-< 
x^m^m.m.^^'Sk-t^^t.\zii^, 

[0 0 15] 

«t^U— y-*7W«, G a As MI3»S±(ciait 
1 WiSfiWU— tf^SrfetHf-sm 1 ©U— tfsg^ 

m 2 (7)&S<0 V-^%^mtS.m 1 cOififiW U— tfJtiBS 
¥f=f;^£^rl«alC&tij-r5||2 0U— +f3g^ei5i:. Sr«A. 
B^iaHl Wlx— y-'^^gB«, I nGaA 1 Pmi i'^y 

t. tiil5g1±Sw±lC^tte.nfc I nGaA 1 Pm2i7 
7-yH@iS:*L, ffJiem 2 (75 U— y-'^^^gB«. InG 
aA 1 PSl HSi, fftlE^l H^<0±(c 

GaA 1 Pm2i77-y HffltSiWU, S^tEmi Wlx— tf 
^^gBWffil2m2d'7>:/h-®co^;?<i:. fII2^2<DL/- 
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[0 0 16] dciT?, suiB^icDU— y-'^^gposijtas 

14J1«, A 1 GaAs®i£-&^(., flljga^ 2 O W— tf^^ 
[0,0 1 7] SjJiemiCDUr— tf5g.^S50Hl}|3S2. 

* -v »J ymmfl 3 x i o " c m-'etTTfe-s c: t. &4#it 

[0 0 18] Sfc. ffltaSKDU— 9-'S?^gi5<Dmri5lg2 
v^tft;^ h^-f T't^ftl. atlIH^lOU-1f^Tg5«t5g3 

•J v'^^jz. h ^-r ywffliPtfjiBm 2 (75 v-^m=f-u<D 

[0 0 1 9] Sfc, HfllSmi WS[Si:HtI3H^2 0agt 
[0 0 2 0] :^^m(r>^mt^U—yrTl'^<Dmi^ 

stg±tis;tt e>nt5ge^ 1 w5fefti«s>a:?>m2 ©SiS 
CO u— If jtS: Wiem 1 roi^so tfjttfJSipff ife:^rfi] 

asicH^tam i <du— tf^^acsr^^fig-r i ^ y h 
^4iii:m2oi^7-;/ vm<D^':r)\/'^^um'T&^m^t^ 

X^t. MK^lOl^— tf3!l^gBC0gilI2^2<0ir^.y K 
^tmlie^2<D^— y-"^?ggWBUtBm2roi7 5-y HSt 

2 o u— ^f^?TeB<i:(73PB1^c:mgftS3g®fT•5fc^^)OSl^5^■ 
[0 0 2 1] CdT. BtllHm 1 finiem2CDiS 

[0 0 2 2] Sfc, HdJemKOU— y-*^^gB<^)ttII2m2 



wi^^yHStt, pswe^si^^L. •^wrspiih* 

> h OiiS*^ 3 X 1 0 " c m-'iilTT*. -5 d t 

[0 0 2 3] fifrisxh^-f 
ti}t2xs«, giifsmiwu— ^f^^^g^5^:H^IiHm2«^- 
•y■•^Tg5©^^a^n^c^^^en^cx.y5^>i^7. h-^/^H . 
* TSilffiaiRx.y 5^ ^i'.&ftiSt-sxSS^tr i i 

[0 0 2 4] Sfc. SaiESiroKStt, 7 8 0 nmS* 
'L^tL, trIf5m2roiSg«, 6 3 5 nm^ittte 5 0 n 

[0 0 2 5] ^^Bn<D^mm=L-'y hit, mi<D 

issoi'— y-'^tsijcw-r-s^iroi/— tf^^ast, turn 

tJt^TEWStlTMtjfcm 1 O^tifiilBH^ 2 ODiSS 

[0 0 2 6] Sfctt. *^H!BJCD)tftaaxy htt, mi 

— tf^^gPt. BfJI2SlOjSg<0W— tf^tO^-^T^SB 
fC:}3liTR#f$nTRofem 1 WMOJt^m 1 WlUtlf^ 
«-t?lHliff^-ar. H(liem2<^$^SC5V— tf^to^-^T^gp 
(c43t^TSI*$nTMofem2«M03t<£fJISm 1 

filEJt^^SlCi^TIslSf^nfcMIBmi WM03t, 
[0 0 2 7] Sfcfi, :^^BA<r>iftmm^=.-y ^1 

wisfirow— tf)ts;&tti-r?)mioi/— tf^^est. m 
tc*3t»TK*f$nTM-3fcm 1 wMD3t*«^ta-r«>m i 

O^ffi^ei:. flfSm2<7)j^:g«5U— tf3t©p-&T^1.g|5 
[0 0 2 8] *«Rs"?q«>t»aax.y h«. mi 

tarn 1 <Di&^ntmfj:^m2(DWi&(D u-^yt^mtz^ 
-• tf^^gpi, t<iiemioiSfi©u— tfjto5-5-c^SiJ 
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CO 0 2 9] d^T. f^f^mlcD«a^^st 8513^2 0 
C0 0 3 0] s/t. S3oisg(Dv— tfjfc^aa-rsm . 

CO 0 3 2] ^ft. tiJKl^— ?f7K«' 

CO 0 3 3] Sfc. £®±tC'>;S:<ifciy.t^coa^ei5 

«Biita>"j 3 >»Scot9ieg:^<oTffl-j(o±ffiw±[c*ii,. 

T. miBmi<Ofeg(OU— tf5ie<fc 1515^2 (O&gCDL'- 

•y-"^i:*<^ti^nt!jtaeMgKcoMEtc(fi](tTtiss^r*j; 
o{cT':7>h$n, HtJiEisMsccogijiafflMfj, nts^mi 

Wi^SO U-tf^.!: files 2 ©feftco U-tf^*H5|2S 

CO 0 3 4] mm^ft^^mu, ^^aif^Am^i 

8 0nm^cf.,i:,.tl^, Wi2S2<OSfitt. 6 3 5 nm, 
6 5 0 nmSOCe 8 5 nmco^i•rn;i»$4',il^t■r■5C:i: 

C 0 0 3 5 ] *^B^cD>fe tf y 7 y ^fi. fiJigco 

^mm^-^yht. Bijte^io&ficou— if>tco5^i? 
mAm-^mtn^a, H<Jaas2co&fi«u-if5t(0 5^-c 

CO 0 3 6] sfcfi. ^%B^a)^^,.^^y,^y^^^ ^^ 
Co 0 3 7] gti 

•So 

Co 0 3 8] 

T U-r .^ffl ^ <!: (C J: 0 . Sf^J: rj fcgBffi.^gc^B'Jit 



CO 0 3 9] tATcOIft0JT«. $-r, *l?HJ(733tbf-;/^ 

CO 0 4 0] fiiT. Hffi*#SgLo^*^0j(O^JScoj^ 

DVDffl<^&:g6 5 0 nmSfc«6 3 5 nmODU-^tf^ 
tCDfflcO&g? 8 0 nmcot'— tf^t«|^_05^^^ 

^-y hi i*^5a*t$n-5, cnscou— y-'^fs. ^ 

U^-H • U>X1 4, 3i-fe±ff5 5-l 5, 

-C :^ i' 1 8 S fcttD VDt^^' X 1 9 
CO 0 4 1] nU^-h . u>xi 4«, LD^im^ 

'r?>fttt)<Dau>x-^. ^wNAtjjs^fjo. 1-0. 

CO 0 4 2] ^mn<0^\d'y{77yy^M2&\zm^.\. 

CO 0 4 3] 02 (a) (b) «. *»Bj<73jt«?Sa- 
•y hCD^^J^c0^fig$iSt-«l.-t:a-e*S. I^EIt|j-cfiUig 

•y M Itt, LD3 1 i^^tfiffl p D 3 StS^fT-S, $ 

as 3t>*l.TtiS. LD3US. 6 5 0nmi:780 

C0 0 4 4] 5t^^a3 3(i, LD*^Scotiil=f5t«Sia 
7='-<:^t>J5^5.©M»33fc2r«^tilfflPD3 5coaS{4g 
fClHlgf^-a-^. -®«t:5/j:3t#^a3 3i:LT(S, Sf* 

»j <t*i*5. r#03iej^j <o«^ic«. #M;>t4^Di^ 

4i^S«i:iiitsi^D;y^Al!l^i:$a*-^*3-ti--5. ^7= 

-<;^i'Tsi*LfcMO)ttt, i/4&ss$aa-rs:: 

yet*-AWigJt::&f6i;5t9 0 • Hfe-rscDT, 
T€r^, 0*0, a'^Sft^S^4 0%ifi<^-Citi*-5C 

Co 0 4 5] C(OJ;5;^£3le^^g3 S-r^i^P^ThDi^^ 
02 (a) ICxT^LfeJ:5fC5tS©a-.y h 
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1 1 i-^tClSttT'b^<» mti\t, 02 (b) IC^L 

cOFbI^, 5t-^±tf S^— 1 5 iiiKO 1 6 tror^i, S-Sti 
J£;T(Oi»a^T«. ^«S(3.-.yM l|C:J:Dir^i, 

•5, 

CO 0 4 6] *%B^»Ct3tiTffll»SC:i:*'5-e#-5!}^Pi?' 
<0H 0 3t(75 ^ -^Tiff ^©iJsc&COlHlliTjte <&«ltBffl P D 3 5 

5£ 0{4B IC Alt L At P D ±<7D @ g.^ClClHltff T S J; 5 

[0 0 4 7] ^ttjfflPDs 5«, '^tci^ai-r^i^ic^ 

^. m7Fil,rzmiZ)S^->Xit. ? S Onmb— t)-'Jtt>6 s 
0 nmU— tfjfefc. |Hl-<;)^mfflPD 3 5TS3t-rS. 

CO 0 4 8] LD3 i*^e.sfcmsnfcu— tf^ta. *:d 

■5. ^UT, 3iJ^-K • U>X1 4;cJ;0mJt$n, 

3 3 TlHlJiT^n. ;^tijffl P D 3 5 
CO 0 4 91 2t:%B^OJt«?gZL-.;/ h 1 1 Ofpffl 

-r?i*3-^, 1^0 (a) \:$.-fSi^t£itsUtf^J^m=F\Z 
J;-5>t«EI{ff<7)fil^&^-r^,-t:BITS.i3. I^EI (b) « 
*^Bj<D3t«S(:i--;/ Mc:*5JtS^roiil8S*«-riE-^0 
T*?). ST, sfJDiT'^A^^ 3 3«. — iS6<JC«. m 
3 (a) IC^Lfc^fitC. ;</^X/^£t'(DS3tti*J^s}0D^ 

m\zmtimWit(i\zmmhtz.m^^=T'^mt^. ci^it. 

A^^3 3S:ajaLTiait-r-5 0i);3tfi£^i-*t?^ft-r-5. 

Ti^aifyAm^\z^K)^m^t\^M^yt^ii-fi^ 
(1) t^^ns. dc-e. n«ss:TS.o, 



CO 0 5 0] :;^ic, 03 (b) t:^mh-:3-:>:^%m<Dyt 
mm^-y hl'*3lt5Jt<^iilSSS:IJiBj-r 5. |Bl0tc*5li 
Xit. DVDfflT^-f Xi7|:^*LT«i6g6 5 0 hm. C 
D (SD^CD-R) ffl7'^'Xi'lC*fLT«S?g7 8 0 n 

b 3 1 «, mizPJB-rs J:^ R)f^<73FBlR3-C¥ff tela 
S. LD3 lA^^ffll^fLfcU— tf3t«, 3j^Di/^A5il^ 

fc^, -^-to 1 '^7iii)mmm p d 3 5 ©R)?;tfisict) ^-a 

J;5IZi2HSnTti^. Z.Z.X. 01-^K2fC^L/fcJ; 
ri;5:n"J^-K • U'>Xl 4, ±t>±ifS.7—l SUH 

A^^3 3tt. LD3 liaijpt— h . U>Xl 4tco 
F^{CiHMLTfe^<. n'J;><— h • U>Xl 4 

tli-^ Jitf 5 7- 1 5 iKOm^^. iL*,±ifS. 7- 1 5 t 

M^u>xi 7 t.<r>m\zmm.Lxh^\/\ 

CO 0 5 11 03 (b) izm^Lfz^vlZ. itsaifvM, 

^T3 3(cj;OMoye*tiiisf$ns^. finsEo (1) 5?: 

d^e>BJ^);5i^cJ:-5IZ. 6 5 0 nmiO 7 8 0 nmU— tf 
3tw:^*t[sl»f^*<:*:^<.^ SE-^T, 6 5 O nm5t (3 1 
A) 03b*-A>t?-6tCjttLT7 8 0 nm>t (3 1 B) k*— 
-^"4''il^i:S3tfflPD3 5S:-?-n-€^tlS*fffliJI'gEML. K 

-TtS^D-^. ^UifflPD 2 4±TIW— W&®tC 

C 0 0 5 2 1 ASiW/tC^^Ttt. L D f-APalffiSIS: 2 0 
Owm. 6 5 0 nmtf— A+.t3 1 A<i:S3tfflPD 3 5 
(^tt'-d^tOFalCDISgiSrS 0 0 Mm, L D tTt^D^i'^ 
^3 3icDrB^ra*5mmtLfeil^lC«, Jj^ni^^A^ 
^3 3WlHltJf*S^(Og/hti<y5^<&3 /zmi:-rn«A^i. 

< . L p tf-Ar8^Ri^S>tffl P D 3 5 

CO 0 5 31 {HL. IiItff*&T©t!-;/5^-^. LD3 1i:S 
?tfflPD 3 5 <h«{s5:gH«;^ci'*^*6<j7S:ffltt-*fc«e> 
IC«. LD3 Atf'-^S 1 Ai:3 1 Bt<^r4Si 

«, o-gci 0 0 ;zma:r*::t*tie:^st^^a 

3t«lfla--y htCt3l,^T«. Oi:^<OLD5^-;/:/IC2ffl 

t,^«-?-ne^±w^^jggg*«fiift bfe y-'7 i^-r 
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CO 0 5 4] 'A[Z. SJtfflPDlcr»l,iTI»B^-r5. 04 
(a) S3iefflPD3 5OT«flSiF®ia-cSS. z.<D^ 

Mtil IC «#.i(itXMffi;5: if i& ffl V i 5 C t *tT- ^ , h 7 >;/ + 

fisj^tf. S^fflPD-? 5045i^fijffl^3 5 a, 
3 5 b. 3 5 c. 3 5 dtC*3t,^TSJt«fif!I a, l b, 

ic. I d75t^i;;5,i-r«. ;::oB#. h^v^>ifx.^ 
(I b+I c) i: (I a + I d) (D<55:<§MtJ:r3e^ 
m-C#S. ^Ac, 7*-*;^x^-« (ib+lc) - 
(la+Id) WiESJt<S(cJ:OMtm?^S, 

mmt (la+Ib+Ic+Id) intS. 
CO 0 5 5] 04 (b) tt. !}^Di^7Ai!l^3 3coW 

^'^^v'^xi7tm^^t:i^^\zh. ^^•rtifi^<Dm.mzii 

I'^TSO^^HiffS-a-, ■e^tlifflPDiC«3t-r-5C<i:d<T 
dtdtT^^. 5i-irm«, m2\Z7rsVrzh^':;i7lO\z 

CO 0 5 6] 0 5«, *%B^(7)je«fSrLx.;/ hODgg|5^ 

fe. t-h->>i7 4 1©±IC«. «imfflPD3 5*?^^; 
t-h-»ir4l«. (cu) 

LD3 \ <r>=^mm\Z\t, ^rX^fflPDS 7di^tten. 
L D 3 1 (^tb^^Sr^x^' LT7-^ - KAy i7$tj?ip-c#^. 

-K3 9*tiJ:«^(ci£:i;T|gtt^ti. |g|^L;it»'7-T Tfc 
LD3 1^PD3 5. 3 7 tilSS^^tlTV^ 

CO 0 5 7] LD3 1*.5ta, 0^LAcJ:^{C, 2fflS 
tfjt3 lA, 3 1 LD3 1 

<^*<aSLt,n t:i5'fflPD3 7«, LD3l7>^ 

CO 0 5 8] LD3 l^^etbWLfeJtf-AfS. la^T^L 



li#:[Hl&f3t*t^tbfflPD3 5ICMS. DVD->X5-A»C 
iJt^Tfi. #IC^^•:/^^fcr•>5^*t,^$^i;K.^i,-LD3 i 
<i:PD3 5<t©*§*f&g (X. Y. 9) W^gOD^j^^ii 

^b<, ±5«m, ±0. 5° <Dmmp;i\z^^:LiLf)m 

C0 0 5 9] 04/ii:lc^U/ijJspy7A3g^3 3«. 
-<^mic^fflffl PD 3 5 IC*tLT+^}-ni:&g;SS-C=¥-\' 
v':f<DJt\zmm^t\^. {BU. 4^oif7A^^3 3«, 

Xl 4Wg5fSfctt^S^,t,ifi5t^^p.>xi 7CDffJSfc« 

CO 0 6 0] rciT, E5ICS5Lfc:^#0iJ[ci3i,iTia. 
LD3 5«#^iinmaffi'J*t:-h->>i7 4 1 tS^Lfc 
L.*iU, DVDfflwe 5 Onm^tWtSS 
#ttlC«v-i;>;Jt/>/j:(,i05-c, L D 3 1 

3?^g|5(CiaVip^a{|Jit-h->>i7 4 It^S^LT 
CO 0 6 1] 06 tt, C:«=t5^£7'>;/y-y-f H . -sre7> 

aSSO^^LT. LD3 li&TtyytJ-f H -y-^XTS 
t^fli{C-7^>hLTV>S, CCT. S«5 0i:bT«. 

<^*J*2f<!:LT«. M^tfS{t7;i.5xr>A (A 1 N) $ 
^tf-SCi^i-c-^S. LDSlcDpffliMSi: 

n mmm t \t. ^n^n u - k 3 9 ■7-f 7 wtc 0 s 

Co 0 6 2] )^\z. ^^m(r>m3(n^wm\z-D\,^-t:mR 
i-S. 0 7tt, *^HJcom3O:S«:0iJ<£^-rSl.-g;0-C* 

■5, -r;ict)^, (a) tt. LD3 1- 

2^rof-A3 1 AtS 1 Bcor=1Si*5 0 AmSTgifi 
^-a-fcCsj^^T. 04tC5;Lfc;^fiSi:tt:-tT2^(Olf- 

•5lHl&f:%S©MlwJ;c)Tl!2:*tsZtJ6{C. ^fcljfflPD3 
5' W±Ci5VST*-Og:^,^i:{i;5:e,-f, tAtOCDP 

Lfc<fc^lC. ttS:OPDS:|Stt-5C:i:;!;iaSH'i. 0 7 
(b) |Hl-®.>iJn>«ffi3 5- CD±{C2 0<DP 

D/'<^'->3 5A. szB^mnzm=^^\^tt. ^ti^ 

n<CPD/'?^->3 5A, 3 5BfS, 4ao§^tgi^a 
~d{c^i'frj$tlTViS, c:oi-5IC|^-w>iJn>SS 
W±lc«SO P D/'? - > ^ Jgjsj-r -5 C i tC 

CO 0 6 3] 07«fiajT«. |SI-c7)->U zi >»S3 5 ' 



- 8 - 



2000-11417 (P2000-11417A) 



(0±\Z6 50nmfflPD35At7 8 0 nmfflPD3 5 

^^Emt^t:^i±^. m»m^scmm'S:7^Tiz, e 5 o 

nmtf-A©if'il>3 lAteSOnrnfflPDS 5 ACDcfi 
'L-ta^mmimi. ImmT^O. 6 5 0nmtf-A0D 
■t-'il^S 1 At 7 8 0 nmfflPD 3 5 B<n'p.i:'ta:>mmt 
^ 1 . 3mm. t:ai/pAm'F3 3 <OlHJiff|&^©g/J\fc: 
y5^«J<J3 Mm, L D 3 1 ' t^JsDi^^ASg^S 3 

[0 0 6 4] MICs^o^y^A^^ 3 3tLD3 1 

'63 lAt3 lBOtJ-rnt)6 5 0 nmSfe«7 8 0n 

[0 0 6 5] ^*:lc:, *5!BJ®m4(D:&ft:MICOt,iTiJlBJ 

4. -r/Jit)^, (a) it, *l8BJ<^3t*«i-y h 

WSSBSajil^mia. ISF0 (b) «, -€-©««gi55J-o&^ 

CflSBB 0C*t^Ct^n. ^«jS®lCLD3 l*tv^>H 
$*lTt»S. ^LT, LD3 l*^e.tiil=fLfct-Att, 

3 3 L L L TT^-f X i7 (C 

siz^omtfr^ti, »S6 oo±ic^tten/t«^ffifflp 

D3 5fCAW-r-5, SSeotLTfS. 0ij^«->ijri> 
«X<y5^>i^(Cj;l3JgfiE$tlS (111) S^fflti?,^ 
[0 0 6 6] **#:eiJIZ*t,iTt>. LD 3 1 ^iiUSb ii 

[0 0 6 7] £^±. M^0iJ*#BiLoo*^BjoDjt«ia 

t). m^ii. ^'t^<^LD5^.y7'(C3-:JCD^lgg§*i^J§ 

«. m^ii, DVD-ROMffl6 5 0 nmJttDVD- 
ROMffle 3 5 nm)ti:CD-ROMSDfCD-Rffl7 

8 0 T\myt(r>3mm^mmLrzLD^mif?>zti)ir^ 

-S. Sfc, DVD-ROMffl6 5 0 nm)ti:DVD-R 
AMffl6 5 0 nmit (S^jLi^mmUiij^) tCD-R 
OMS!yCCD-Rffl7 8 0 nm>tW SfflJg^SIBLrcL 
DS:^^f^C:i:7JtT#S. ^re-IC. DVD-ROMffl6 
5 0 nm^i:CD-ROM&t/:CD-Rffl7 8 0 nmJt 
m^mLmift) tCO-RS^/CD-RWffl? S On 



[0 0 6 8] St, 6 8 5 nmf*ja<0&ft^OLD$^ie 
[0 0 6 9] i^t, *3?HJ<!DLp-r«Cip^ii£^#:U--tf 

1 OCO±IC6 5 0 nmii 7 8 0 nmCD-5-n-?tlcD^t?&S? 

/■? 7 — ^ Sf$-:p y p ;^jg 

[0 0 7 0] c:;i-c«, :^«tcdmoc vosjst^^'jn 
[0 0 7 1] aT, c:oj:'5;a:«aM^— tfTU-ric::? 

xmrn^zmm-r.^. . : • 

[0 0 7 2] 0 9 *^B^eo^^^:0iJ^c;i^;5.s^^g&^ 

7 8 0 nmte 5 0 nm<D 2 tf— AiJ^^ft:!^— y-*7 ^-f 
W^jgSr^-TE&fffiEl-CS-S, fl0fC*3ViT. 2 4 0«% 
7 8 0 n m«l^— if^^gg. 2 4 1 it^Ml^^ 6 
5 Onm«U— »f3g^g2-C*5, -^-WMfiglcOt^TSfiS 

[0 0 7 3] fTS^D-^. vi-rn«u— y-*^^aB2 4 o. 

2 4 1 tC*5ViTt>, aS2 1 0CD±fC. (n-) G 

aAs/t.i'7 7S2 1 1. 2 2 1. nMl no.s (G a 
o.jAlo.,) o.sP^li'^y HM2 1 2. 2 2 2. I 
no.s (Gao.sA l,.s) j.sPJt;^;^ HI12 1 3. 2 2 
3. ^Sfi^#F (multipe quantum well : MQW) g 
i4S2 1 4. 2 2 4, I no.5 (Gao.5A I0.5) o.sP 
3t;<f'r KS2 1 5. 2 2 5. p- I no.s (Gao.,Al 
0.1) o.sPB2i'^-.y HJi216. 226. p-In 
t.iGaa.iPX.-y^>Cf7.h'y:/m2 1 7 , 2 2 7. p 
- I no.s (Gao.jA I0.7) o.5P^3i7 7!y Kii2 1 
8, 2 2 8, P- I no.5Gao.sP + Y!yyg2 1 9. 
2 2 9. n-GaAsSSSiaihg2 3 1. p-GaAs 

mi()&^m2 3 2i)i:i(Dmizmm^nx^^^. 

[0 0 7 4] dCf. i&^7 8 0 nm<DU—1fm^^2 
4^tC*5l»T«. SttJi2 14tt. Ga„.,A lo.,As . 
#/='^i:G ao.,5A 1 0.J5A s P^MHtOMQW^itS 
^t*-5. — &g6 5 0 nm<OU—1fm^B2 4 1\Z 
^t^Tfi. Stt®2 2 4fi. I no.5Gao.5As#FS 
<*: I no.s (Gao.sAlo.s) o.sPKgaiOMQW^S 
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i}nXttirzm3^^y\im2 1S. 2 2 StGaAsm 

mm±m 231 <Dm.^^t^it-vm:^[^\zMmm:^'ry':/ 
f)mfS.^n. 2 4 0. 2 4 1 th\zmiJrm^^ }^u—'tf 

•^mm^tlXi^^^o GaAsfl[Sf£H±g2 3 

LTt^iSo mm'?^mt»mm2 3 e tCcfcoTmae^icij^ 
gisn, «g2 3 3; 2 3 4^:rrL;T-^n-€'hj5j5:[c^ 

2 3 5tSSffi2 1 0COSffitC^feiitCJg^-r-5C:^;ef^T# 
t5iEbfcJ:^{C, l/"-1f^^g|52 4 Ot^CDT^^;^ 

[0 0 7 5] ^fc. m9<DU—^TU^\t. U— 
652 4 0J::i5l^T I nGaAl P ^<^^ ^ HMtC*f L 
T. GaA I As^cD?Si4^S:$gfflUTt/^'5.^T?S4#CO 

CtlCctO, (6 0nm) <h#^^^ (7 8 0 

nm) <D2mm<ou-^^t&&^mmit'r^ziif}^'c^ 
[0 0 7 6] *%Bjic^^i.— tfru-rts. iscgft 

[0 0 7 7] 02 8 (a) Jtt. mmt^Wi^Z^^m KD 2 

T, 7 S Ifjm&l S Onm(DU—^^m^». 7 52 
^^KS6 5 OnmcoU—lf^^gB^i^T'S^^o 

7 s sRUnmmm? s 6, 7 s A^ift^vm^n. 2 
'D(Du-^\t^n^nniL\zmW]t^ ^ ^f)^x^^<^v 

fCT^cCoTOy^o &mZjSif^LX<^^^y:/Jl^'rnm7&<D 
— :5'<^«a^SS75^^<hsc:<h^^T#-5, ceo 2 

tf-AU-1f7U<^^. 02 8 (b) \Z7jkL fz 2 -DCOy 

ifi^^pg^Ms? 7 6, 7 8 2Rzfnt^mm7 7 s^mm 
\zmmLtcW:. mm^m^r^. z.cDm\t2}z-A'v& 

^:^y^>if^mK^mr^t\zJ:^XiiM<D^<D'^Jl^ 

f-A \y-if<Dmm^WBm^\z\t'^mx$>^. 

[0 0 7 8] -:*r, 0 2 9 J5'J<0MSS«(^ 2 f-A 
tf7KO»fS«ES§0T*^o l^0IC*3l.>T. 8 5 
l;&^Kg7 8 0 nmcou— tf^^gp^J^T^O, 8 5 2^^ 



^ >^;U^7=- n Sig Srim^ (Cffi L fcx tf :^ ■V' 
pSlr^^^n. nMOilS?ffitS:M^8 9 8^^Si5£S 

10 0 7 9] .b;&^bfcC3&^<&. C:n'E>(D|3SSfEcOl^— if 

Ti^^\z\tsxT\zmmr^mmf)^s>'orz. sr. 

^^n^o 02 8-^0 2 9(7) il^^#:U—tf7U 

m^^ms:Lfji^\ :i<D^:i^^mrz^rzisb\z\t. i^— tf 

omf^::h\mmm\z^i^mxm^i.\ 
[0 0 8 0] L^^L. mB^nrzy:/)\^^y^amm^m 
^Vz\zj}Uj:Lrji\'}tiit^ibU\^^:zhib^ib£^^^ 

^^\zp i^mm t n tmm ^^^-rnhm^mz^mLfj: 

umm^tf^^^^mA^^tsi:brzisi)^n^nm^ \zm&im 

^-ofzo 

[0 0 8 1] ^rzm(^mmt\^x. u-^yu-i^yy 

chC:^^^0 2 8<7)^®«:U— if7l/-f ti. it^^e^tC 

\zmmt^z.t.iimmx^^fz. ^^\z. ±aiLfc<t:3. 

[0 0 8 2] £ii:I»0.qLfccJ:^;^cCPHlSft, t:-AS:*^# 

<f^mi^i:b\zmnt.u^. ^2 9<D^m^wv—^Tv 
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CO 0 8 3] ei±i¥5EbfcJ:a tC. 0 2 8-^13 2 9 Ic^ij 
ft. 

[0 0 8 4] cniC^^UT, *55B^(Cj:tltf, 

n\z. fc:"h>^>i:7(c+53^SjaLT*30, 
[0 0 8 5] x^ix^^. v—^yV'^<i:imM<r>nw^^— 

[0 0 8 6] '^\Z. *%0^Ol^— tf7U-f (^Kig:J&ffifC 

-:3t.^Tia0>g-r^o 1^ 1 0-01 8ti, ^^Bjoit^^^u 

0 1 OlC^fct^tC, nM (n-) GaAsSffi2 
1 0(^±IC7 8 0 nmU-1ftt«(Ccfc-5— ]l<7)Xfc::$^=^^ 
-y^Jimz 1 2 2 O^MOC VD (me tal-organi 

c chemical vapor depos i t ion : ^^^JUfb^^ftfiK 
g) ffitCcfcOfig^g-r^o Stt®2 14^UT«, AIG 
aAsl^C0^fiM^#F^ii:£:^t,^^Ci7!i^T#'5o p 
SI (P-) ^7^^;/ HSO^^U^zSStiS X 1 (c 
m-^) (cJitJaiJ L p S H — > h 0 (DM fclc0 L 
^SSa -5 c: i: S: <C075^M S b V ^ » 
[0 0 8 7] ^ifctC, 01 1 \Z7p:Lrz^O\Z. J5£gg<0— 

[0 0 8 8] mi 2\z7ikLrz^v\z. nzf^^^ 

S€:fT-5, Pr^WtCtt, 6 S 0 nmU-^ttmiZ^^ — 
BcDXlf^'^->^;i.^2 2 I;6^e»2 2 9$MOCVDSfe 
(CckOfiggf^o SttS2 2 4tiI nGaP/I nGa 

Ai pcD^mm'F^wmm^m^^^ztfi^'c^^. mm 
fms^mt^^^m^t^tima-r^cL^zji'DX. w- 



[0 0 8 9] :^\z. 01 3lCS^Ufc^'5fC, 6 5 0 nm 

^*5-t^nti^l.>o. CICOBS^, n-GaAsH2 2 0ICJ;0 
7 8 0 nmtfc^(73Xt!5'4->'^;i.H2 1 1^-2 1 9 
S^n^o n-GaAs® 2 2 O^StRWtcK^ 

UtiOXgtZctb, 7 8 0 nmOl/-- tf 
®^<i:6 5 0 nm<DU'"*fmmt^m—&^±<D&\^<D 

mmzm^T^z,t:^^x^^. 
[0 0 9 0] ;*:tc0 1 4tc^Lfccfc5ic, Uu/s^xh^ 
< T^^j^fig-r^. ^n-en<7? u—tf^^gB 

\Z. S i O^Tsh^^-Z-^T^i? 2 3 0^j&^L. ^zcy 

M3i7^^y\^m2 I S. 2 2 8^|tIP§ICXu/5^>yT 
C(DX-;5^>ytt, X*V^>yX h>y7'^2 1 7, 

2 2 7^T^Ufci:C:a'ef?±^it^ri:;5i^-^^-5o 
[0 0 9 1] CldT, f^!sb^^^yym2 19, 2 2 9S 

o^msiS^^-/ Hg2 1 8, 2 2 8ti-en-?ncoix— tf^ 
i^mzii\^^xmmi^m^\zmnfL. ^m^^xmm 
cmmxx.y9'>i^f)^7.hyym\zm'r^^'^\z'r^z. 

h^m^LlK 't<Dm}b\t. J:.y^>^xh^y'fm2 1 
9", 2 2 9 fe^'*tCX-/5^>^$nSc7>T% ^^TSBCO. 
Xu/^>*^P#P«W;^{g{cS;:j:^i:, ^-^^^^cDM^mz . 
4^ I. 'iTX :y ^ > i5?^X h TX ^ > $ tlT 

'f'isbmmm\zf^^^z>\z^sY-r^z.ii\t^Bx 

[0 0 9 2] 01 5\Z^l.rz^3\Z. GaAsa 

mm±m2 s i^&St-r^o mii^&j\z\t. mocvds 
iCcfcosm:g*^is-r-5. Cloths i Ojvx^ 2 

3 0CD±tC,^S?5^^:gL^i:t.iJ;^(C^S^ff^iagnT'5 
Z.tf)^X^^o 

[0 0 9 3] 'A\Z. 01 6{C^L;tcfc5(C, SJ^i^^H 
2 3 2*j5Kg-r^o S i O^X K^-ry^ 

X^ 2 3 0$^Sb?tg(C, MOC VDffitCcfcOa*2i 

[0 0 9 4] 'A\Z. 01 7fC^LfcJ:5tC. 5^^iS2 3 
e^m^-t^. m{^mz\^. R I E (reactive ion etc : 

hing) iii^m^'^xmnmzx.^y^y^'r^o m^s^tx^ 

[0 0 9 5] 'A\z. mi s\z7jkLrzJ:o\z. mm^m^ 
•r^o M:t$^mz\t. m^iti^jyh^ym^m^-^x. 

'^tl<DU—*fmi^^\zniL(DmM2 3 3.2 3 4m^L 
tzik. SS2 1 0C0SS^WSLTiP$€: 1 0 OMmfi 
SICL, i^51Sffi2 3 5 Sr^g^f ^, "tO^Vk. 
^(C*$CiTjKJ4 3 0X;iCT^^fbJ!l31^fT^, JW±K0J 
LfcXStC;fot/^Tfi, ^3'SSr?i2 3 6cDJg^£<i:p-mS2 
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3 3, 2^4(Dm(!ioimmtAnm^xhmL^^fji 

[0 0 9 6] ^(^ck^lCtTf^fiJJ^nfc-i^x-A^. 7. 

A'-tc^j-fij-r-S). A--©sgMs«, i^—^(DKmm.t 
A rj.OaKSjgfieufc, -e-<^Si^«, e s o rimi? 8 

C:o<t:#CDaESI>f^tt, &ft6 5 0 nmCDU'— 
■tfJtlC*fLTtt2 9. 4%T$t). 7 8 0 nmOU— tf 

^ic*fLT2 8. 8%i:ffhg$n-i), ■^•n-encojt^ja 

S©¥5J-(ClSltbfciii^©«ffiSW^«3 0~3 2%S 
[0 0 9 7] J:0i5l,iJtW:>7*t#Sfc*{Ctt, m 
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